In three previous papers5,6,7),functional properties of spindle,leaf-like and tendon receptors in the frog sartorius muscle have been compared with each other during contractions or passive stretch of the muscle.It has been demonstrated that those properties were not only dependent upon the excitability of their sensory nerve endings,but also largely upon the visco-elastic properties of the underlying tissues where they are embedded.The present study was undertaken to clarify the excitability of the sensory nerve fibers in conditions that eliminated as possible the effects of the visco-elastic properties of their underlying tissues. Electrical stimulation of the nerve endings(LIPPOLD, NICHOLLS and REDFEARN11))seems to be best for the study,but full isolation from surrounding tissues is difficult,especially in the case of the tendon receptors which could not be isolated from the tendon tissues.Pressure stimulation of the receptors was used in the present study;as it is able to directly excite the receptors with relatively little participation of the visco-elastic properties of their underlying tissues,as has been demonstrated by BRIDGEMAN and ELDRED1).
METHODS
The preparations were removed from frogs(Rana nigromaculata)weighing about 40g.The sartorius muscle was excised with intact tendons on its both ends;at the pelvic end the tendon was in contact with the pelvic bone,while at the tibial end it was attached to a piece of the tibial bone and the knee joint capsule.The 8th and 9th dorsal roots were prepared in contact with tendons of the muscle after all muscular branches of the nerve had been cut;the former innervates the pelvic tendon through pelvic branch of the 8th nerve trunk,while the latter make innervations of muscle receptors through the sartorius nerve or of tendon receptors through a fine branch from the sciatic nerve trunk arising in the vicinity of the dividing point to the tibial and A single afferent nerve fiber of muscle spindles and leaf-like receptors was isolated by cutting all of the other nerve fibers in the intramuscular course of the sartorius nerve branches.The two kinds of muscle receptors were identified by the conduction velocities of their afferent impulses(ITO,TOYAMA & ITo4))and by their functional properties during contractions and passive stretches of the muscle(ITO5,6,7))and also by their histological aspects which were detectable by means of Kohler's illumination usually after and sometimes before or in the course of the experiment .A single afferent fiber of tendon receptors was dissected in the vicinity of the entrance to the tendon . The receptors without significant accelerations of their discharges during stretch or contractions of the muscle were excluded for this experiment . The excised muscle was kept at the in-situ length in a Ringer's pool in a perspex box,as illustrated in FIG.1.The box was sectioned into six pools with five septa of 1mm thickness which were situated with the interseptal distance of 10mm .The first septum(S1 in FIG.1 )was located as near as possible the muscle ,in order to record the orthodromic and antidromic discharges in the vicinity of the receptor(R1) .The discharges were led with a pair of platinum electrodes situated across the septum , and This latency indicates that the antidromic impulse conducted at the mean velocity of 21.7m/sec the distance of 50mm along the nerve from S5(stimulation point of the dorsal root)to S1(recording point).The velocity coincided well with that of the orthodromic impulses from the spindle receptors mentioned above.This antidromic impulse also made a collision only against the orthodromic impulses from the spindle receptors,but not against those from the leaf-like receptors. These results indicate that the antidromic spike may be conducted along the spindle afferent nerve fibers.This antidromic spike was usually followed by a recurrent discharge in a fresh preparation,as illustrated with an arrow in FIG.3 .The recurrent discharge occurred at a period of 30.0 to 32.1 msec after the foot of the antidromic spikes,at in-situ length of the muscle,and the direction of its phase deflection was the same as that of the orthodromic spikes.The latent period of the recurrent discharge shortened with extension of the muscle length.
When the strength of the antidromic stimulation increased to 105-113% of the threshold,the second antidromic spike occurred with a mean latency of 3.5 msec,as illustrated at the left end in records of FIG.4.The conduction velocity calculated from its latency(3.5 msec)was 14.3m/sec which resembles that of the orthodromic impulses from the leaf-like receptors mentioned above. When the second spike discharge was elicited,a collision was observed against orthodromic impulses from the leaf-like receptor,but not against a spindle afferent impulse.It therefore appears that the second spike may propagate along the parent nerve fiber of the leaf-like receptor.
When the stimulus strength was increased beyond 150% of the threshold, the third antidromic spike sometimes occurred with a mean latency of 5.6 msec.
Since the conduction velocity calculated from the latency was 8.9m/sec and 
DISCUSSION
The first interesting point is that the recovery curves of the thresholds of tendon receptors after an antidromic discharge could not be drawn for 13 out of 18 receptors tested,although propagating impulses along the parent axons were observable by both orthodromic and antidromic stimulations.A possible explanation is that the parent axons of those receptors may divide into four or more branches at a node in the vicinity of their sensory terminals at which the action current may decrease below a safety factor and thence the antidromic discharge may be broken.This assumption may be supported by the fact that the individual receptors were excitable by the pressure stimulation of relatively wide areas (3-4mm in diameter)in the tendon.It thus seems that the sensory terminals may not be invaded by the antidromic discharge and may remain at normal threshold even after antidromic stimulation;that is,the orthodromic impulses may originate at portions along the branches distal more than the site of termination of the antidromic discharge.Such a disruption of propagation of antidromic discharge was not observed for the leaf-like receptors,of which the parent axons have been observed to divide into three or less branches at each node in the vicinity of their endings(c.f. ITO,TOYAMA & ITO4)).The recovery curves of the thresholds of the remaining 5 tendon receptors were similar to those for the leaf-like receptors.Those two kinds of receptors have also been known to be similar in their histological aspects(HUBER & DEWITT";KULCHITSKY10)),and also in their functional properties(ITO5,6,).In previous paper5,6,)I have demonstrated that some differences between them are not due to essential differences in the excitability of their endings,but are due to differences between the visco-elastic properties of the underlying tissues in which the receptors are embedded.
The second interesting point is that the threshold for the first discharge from spindle receptors produced by a threshold test stimulation decreased transiently 30 msec after an antidromic discharge at the in-situ length of the muscle.The latent period of the decrease coincided well with that of the recurrent discharge.Those two periods were apparently short in comparison with the interspike intervals of the spontaneous discharges(1.3-5 sec).It seems therefore that the decrease of the threshold and the recurrent discharge may not be due to reset of the rhythm of the spontaneous discharges by the antidromic stimulation,as has been suggested by MATTHEWS12).He has suggested that the excitability of the spindle sensory terminals,which he has called adaptation,may be changeable by antidromic stimulation at high frequencies. This would indicate that a single antidromic stimulation may cause a rebound decrease of threshold of the spindle afferent nerve terminals.The possibility may be supported by the fact that the latent periods of the transient decrease of the threshold and of the recurrent discharge were shortened with extension of the muscle.This implies that larger generator potentials caused by extension of the muscle may further facilitate the generation of spike discharges in combination with decrease of the threshold of the nerve terminals.The above supposition also means that the antidromic propagating impulses may be able to invade into the non-myelinated nerve terminals. Here it is noticeable that the transient decrease of thresholds was observable only in the first discharge from the spindle receptor,but not in the second discharge nor in responses from the leaf-like and tendon receptors. DIAMOND,GRAY and INMAN2)have demonstrated that the recovery curve of the receptor potential in cat's pacinian corpuscles returned linearly without any transient facilitations after an antidromic discharge.There is a possible explanation that the first discharge of spindle receptors may initiate at the site of termination of the antidromic discharge but the second discharge of spindle receptors and discharges of the other receptors may initiate at a site distant from the termination.It is possible that larger stimulus strengths may result in larger generator potentials in the spindle nerve endings(KATZ9)and spike discharges may initiate at a site proximal to the endings.The antidromic discharge may propagate distally through such a site,thence it may give rise a common increase of the threshold as has been observed on general myelinated axons,but may not cause a transient decrease of the threshold as was observed at the sensory nerve terminals.It is also likely that afferent discharges of the leaf-like and tendon receptors may initiate at a site far distant from the sensory endings;their parent axons divide into many branches at their sensory endings,and thus the generator potentials elicited at individual branches may converge on the node of branchings which may sometimes be up to 1 or 2mm proximal to their nerve endings. 
